Application of high-intensity electric fields and/or currents is known to enhance materials' deformability. For instance, their continuous or in short-pulses application on metals and ceramics may significantly affect their deformation response to external loads. This phenomenon is commonly referred to as electroplasticity (EP) or electroplastic effect.
INTRODUCTION
Mechanisms of plastic deformation and their realisation in metals and alloys have been extensively studied in the past decades. Extrinsic factors known to influence kinetics of plastic flow are temperature, loads and loading rate. These factors are usually fine-tuned for tailoring of metals processing in most modern manufacturing techniques.
An interesting approach to enhance materials' deformability is the use of high-intensity electric fields. Experiments indicate that these fields have a significant positive effect on plastic deformation, especially when acting concurrently with more common extrinsic factors mentioned above. For instance, a high-density electric current applied continuously (CC: continuous current) or in short pulses (PC: pulsed current) on metals and ceramics significantly affected their deformation response to external loads. Studies in an Al alloy with a nominal intensity of a DC electrical field produced the following effects [1] : (a) reduction of flow stress by 10-20%; (b) increase in a strain-rate-hardening exponent; (c) retardation of grain growth. The tests indicated that the influence of the electric field tended to increase with a decrease in grain size. Other studies showed smoothing of material surfaces [2] and recrystallization [3] . EP is known to affect the apparent hardness (HV) of components after fracture (i.e. fracture surfaces demonstrated different HV values when compared to those without the EP effect). There are several reported mechanisms for EP including (i) electron-wind forces, i.e. exertion of a force on dislocations by drifting electrons enhancing their motion; (ii) Joule heating caused by concentration of electrons circumventing defects, and (iii) thermal compressive stress initiated by high-speed heating by electrical pulses, which affect plasticity and deformation [4] .
Here, we present some of our preliminary results demonstrating the EP effect in copper carried out with a designed and developed special setup in-house.
II. EXPERIMENTAL SETUP AND RESULTS
The source of energy is a pulsed power arrangement consisting of a capacitor bank triggered by a mechanically-operated closing switch. The bank has the following specifications: C = 2. The current variation was repetitive and consistent for multiple tests.
A copper wire with a nominal diameter of 0.8 mm was used for our experimental studies. The wire was initially tested in a tensile testing machine to assess its mechanical properties. The tests indicated that at a load of ~113 N the material yielded, this corresponds to a stress of ~225 MPa. To perform experiments under the influence of electric fields, the copper wires were looped over two stainless-steel connectors, fixed to two nylon ropes that electrically isolated the specimens from the rest of the experimental setup. The power leads were then soldered directly onto the copper wire (Fig. 2) . The lower nylon rope was used to suspend a weight of 10 kg (= 98 N) to induce a pre-stress in the wire prior to EP testing. The load imposed was much lower than the load to induce yield hence, the pre-stress was well within the elastic limit of the material.
Different current densities were applied with a discharge current presented in Fig. 1 . For each of the studied current densities, the number of pulses to failure was assessed (Table 1) 
III. DISCUSSION
The microstructure of the studies copper specimens was assessed before any experimentation (virgin state) and after EP; for comparison, the microstructure obtained after purely mechanical testing to failure is also presented (Fig. 3) . The results show some interesting perspective on EP. First, as expected, the grain sizes after mechanical testing are smaller (Fig. 3(b) ) when compared to both the virgin state ( Fig. 3(a) ) and EP ( Fig. 3(c) ) specimens; this is due to elongation of the wire which led to lateral contraction of grains due to the Poisson's effect. Interestingly, the grain size in Fig. 3(c) show much lower contraction. These grains are clearly larger than those in Fig 3(b) , indicating that EP induced deformations were instantaneous, leading to specimen failure without necking.
These results demonstrate the EP effect varies greatly with the imposed current density. By appropriately adjusting the current density, plastic flow may be controlled in the material without the need for higher mechanical loads. The additional benefit of instantaneous deformation is also important in maintaining the original microstructure of the material.
IV. CONCLUDING REMARKS
Our preliminary tests for proof-of-concept electroplasticity applications show the potential of inducing plastic deformations in metals without the use of purely mechanical loads. The capability of maintaining the initial microstructure allows for new possibilities in metal forming, which are yet to be fully exploited in the industry.
